Mixed results for gendered patterns in confidence of team success
and collective efficacy

Abstract

Gendered differences in academic confidence and self-efficacy between men and women are
well-documented. In STEM fields and specifically in engineering, such differences have
important consequences in that students low on these constructs are often more prone to leave
their degree programs. While this evidence base is fairly established, less is known about the
extent to which men and women show differences in confidence of feam success, or collective
efficacy, which may also be consequential in decisions to join and persist in design team
experiences, or even to stay in or leave an engineering major, especially for first-year students. In
this analysis, we quantitatively investigated gendered differences in confidence of team success
and collective efficacy among first-year engineering students working on semester-long design
projects in stable teams. Using a software tool built to support equitable teamwork, survey data
on team confidence and collective efficacy was collected for these engineering students as well
as for students in other courses for the sake of comparison. Three hierarchical linear models were
fit to the data from 1,806 students across 31 unique course/term combinations. The results were
mixed. In two of these analyses, we identified significant interactions between gender and team
confidence. Specifically, men generally reported higher team confidence scores than women
throughout the term with women eventually catching up, and team confidence ratings increased
for men but not women following a lesson on imposter syndrome. No gendered differences were
observed with respect to a collective efficacy scale administered near the middle and end of the
term, however. In all cases, the results were consistent across course type (engineering, business,
and others).
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success

Introduction
Gendered differences in academic confidence and self-efficacy

The confidence with which students go about their academic endeavors is clearly related to
important educational outcomes like learning and persistence. As a general concept, academic
confidence is based on feelings, emotions, and past experiences as well as on the judgements of
oneself and others about one’s abilities to execute behaviors towards different goal outcomes [1],
[2]. Related to academic confidence, self-efficacy is the context-specific belief in one’s
capabilities to complete a given task [3]. As a foundational idea in educational psychology,
self-efficacy has been widely studied and shown to positively impact academic performance [4],
[5]. The positive impact of higher self-efficacy has been shown to remain after controlling for
variation in several covariates, such as socioeconomic status and measures of prior performance
[6]. Unlike personality traits, which tend to be more stable, self-efficacy in a particular domain is
a unique contributor to student success that can be affected with targeted interventions. Further,
self-efficacy has a reciprocal relationship with performance, meaning positive academic
performance can subsequently and uniquely improve self-efficacy [7]. As a result, there is an



opportunity to address attrition in a discipline by intentionally working to improve students’
self-efficacy in relevant domains.

Academic confidence is usually considered to be more domain general while self-efficacy is
considered more task-specific [4]. Indeed, the two constructs have been shown to load as
separate dimensions [8], though in this case, confidence in the correctness of assessment
responses (that is, a specific scenario) was being considered. In any case, in this study, we are
actually not so concerned with the precise demarcations between confidence, self-efficacy, and
related ideas like self-concept. Rather, we sought to carry out a basic exploration of these ideas at
the team, rather than individual, level. In particular, we intended to explore the extent to which
confidence in team performance and success does, or does not, exhibit gendered patterns for
undergraduate students working on semester-long course project teams.

Gendered differences in confidence and self-efficacy constructs have been observed for many
years across domains and disciplines [9]. For example, D’Lima and colleagues [10] showed that
across several large introductory courses at their university, first-year male undergraduate
students exhibited greater self-efficacy with respect to their academic abilities than female
students both at the beginning and end of their first term of college, though self-efficacy
increased significantly for both groups over the term. Huang’s [11] meta-analysis of gendered
differences across nearly 200 studies showed female students having greater self-efficacy in
language arts and male students having greater self-efficacy in social sciences, computer science,
and mathematics. At the extreme, of course, overconfidence is a liability: Johnson [12], for
example, showed that for male students, confidence in academic ability was actually negatively
correlated with course grades whereas female students did not show the same pattern. Several
studies have also reported a lack of gendered patterns in self-efficacy, perhaps in part due to “the
microanalytic nature of efficacy constructs” [13]. In other words, self-efficacy is related to
gender, but because self-efficacy can be defined at the task level and different domains have
different biases, we do not see universally true patterns.

Gendered differences in academic confidence and self-efficacy specifically in STEM
domains

Our work is particularly concerned with building foundational knowledge and instructional tools
that support institutionalizing transformed teaching and learning practices across undergraduate
science, technology, engineering, and mathematics (STEM) courses. In general, STEM
disciplines have maintained exclusionary behaviors (like the common practice of providing low
average grades in foundational courses [14]) that have contributed to and exacerbated gendered
differences in undergraduate student persistence and degree attainment for decades [15]. Each
discipline certainly has its own specific trajectory and stories [16], but supporting adequate
gender representation and student thriving across STEM disciplines remains the subject of much
research and many funding programs. Recent data shows that the lack of female student
representation remains most stark in computer science, engineering, and physics (~20%) while
greater numerical parity is observed in biology, chemistry, and mathematics [17]. In our own
College of Engineering, a key context for this study, 28% of degrees are currently awarded to
women [18] compared to the national average of 22% [19]. While the proportion of women



enrolled has slowly increased in recent years, challenges remain with respect to enrollment and
climate [20].

Across STEM fields, the general finding across a significant number of studies has been that men
have higher academic confidence and self-efficacy than women [21]-[24]. Specific studies with
undergraduate mathematics [4], physics [25], and engineering [2] students have borne out this
result, showing relationships between these differences and subsequent academic success.
Studies in engineering on the interplay between gender and the ever-important social constructs
of race and ethnicity have further shown that white men in particular tend to demonstrate the
highest levels of confidence and self-efficacy [26], [27]. Of course, it is important to recognize
that within the large body of STEM-specific research on these constructs, some variation
naturally exists. Ross and colleagues [28], for example, described conflicting bodies of research
about whether the gendered self-efficacy gap in mathematics has been maintained. Some studies
in engineering have similarly reported a lack of difference in self-efficacy by gender [29], [30]
though Mamaril and colleagues [30] reported the exception that men reported marginally higher
self-efficacy than women for “tinkering” or the manual manipulation of tools. In any case,
differences in confidence and self-efficacy have been linked to the serious consequences of
leaving particular threads of coursework and degree programs altogether [15], [31], [32] and, as
such, are worthy of continued investigation.

Gendered differences in team confidence and collective efficacy

Now, we turn to the heart of this study—extending these questions about gendered differences in
confidence and efficacy to the setting of project teams in undergraduate courses.

Bandura’s classic social cognitive theory (SCT; [1]) partitions the determinants of human
behavior into three separate yet interdependent areas: behavioral factors like the ability for
students to self-regulate their actions towards positive outcomes, environmental or situational
factors like the the classroom context, and personal factors (sometimes alternatively referred to
as cognitive factors) like attitudes and values. SCT describes learning as occurring through
observation of others in a social context and, importantly, an “agentic” perspective that relies
heavily on self-efficacy, one of the key theoretical constructs supporting SCT [33]. The
importance of self-efficacy in motivating an individual's behaviors and actions towards their
goals can hardly be overstated, and yet the broader notions of team confidence and collective
efficacy are very useful for understanding how an interdependent group of people behaves in
reaching (or not reaching) their collective goals [4], [34], [35].

Collective efficacy is a form of agency that emerges for an interactive system, like a team [36],
and it has been shown to better predict group performance as compared with individual team
members’ self-efficacy [37]. As a framework for understanding if and how a team can achieve
their goal, collective efficacy begins to touch the realms of culture, organizational leadership and
power, social systems, and systems thinking. In short, do the team members trust the whole to
operate effectively, with purpose, towards a useful and desired end? The idea of collective
efficacy has been employed effectively across a wide range of disciplines from psychology and
education to business, management, criminology, urban sociology, and sports, providing a useful
lens, for example, to help explain differences between highly interdependent teams (as in



basketball and soccer) versus more individual sports teams (as with gymnastics and swimming)
[38]-[41]. Notably, because collective efficacy is not simply the sum of each individual’s
appraisal of their ability to do their own job, measuring this construct can be somewhat difficult

[33].

Prior work investigating gendered patterns in team confidence and collective efficacy shows
conflicting results. Some studies show linkages between gender, collective efficacy, and team
performance. For example, Niler and colleagues [42] recently showed that for undergraduate
women working on a semester-long course project, having a larger percentage of women on their
team was associated with both increased collective efficacy and identification with the team.
Further, both of these constructs—collective efficacy and team identification—acted as
mediators for the effect of percent of women on the team and team performance. None of these
results were observed for men in their sample. In contrast, students’ beliefs about their collective
efficacy as a class (e.g., for learning and maintaining a supportive classroom environment) have
been shown to be significantly related to individual students’ grades for Portuguese boys but not
girls at the secondary level [13].

Still other work, notably conducted in settings outside of the United States, has found gender to
be altogether unrelated to collective efficacy. Forslund Frykedal and colleagues [43], for
example, showed that gender was a non-significant factor in predicting collective efficacy among
Swedish students working on teams in school years 5 and 8; here, self-efficacy and
interdependence accounted for most of the variance in collective efficacy. Within a
non-educational setting of sales representative teams at a Taiwanese financial institution,
researchers also found no effect of gender diversity on group cohesion or collective efficacy [44].
Overall, the limited number of studies, and particularly the limited number of studies specifically
within the undergraduate STEM education context, provides justification for our interest in
gendered notions of team confidence and collective efficacy.

Research questions

Thus, our goal here was to understand if gendered patterns are evident in undergraduate student
teams working on course projects with respect to confidence of team success or collective
efficacy. Towards this end, we pursued the notion of gendered patterns with respect to the
following research questions: (RQ1) How do team confidence ratings change over the course of
the term? (RQ2) How do collective efficacy ratings change over the course of the term? And
(RQ3) To what extent does exposure to a lesson on imposter syndrome impact students’
assessment of confidence in their team?

Context

Data was collected at our large, public, primarily residential four-year university using an
in-house developed software tool for teaming and teamwork called Tandem. Tandem serves as a
mechanism for surveying students with respect to teamwork throughout the term and acts as a
platform for lesson and reflection content about teamwork topics (these and other functions of
Tandem, like providing feedback to instructors, are described in [45] in greater depth).



Importantly, Tandem is built on a foundational engine that supports tailoring content to students
based on their responses to surveys, academic history, and in-course engagement and outcomes.
For example, a student who notes on the beginning-of-term survey that they are usually reluctant
to share their ideas and preferences in groups would see content in Tandem messages and lessons
throughout the term that broadly encourages them to speak up. Further, the Tandem content is
generally written in a supportive, motivational interviewing style [46]. That is, instead of directly
telling a reluctant student that they should speak up more, Tandem might ask the student what
they’d say to a friend who is reluctant to speak up.

Tandem was first launched in the academic year 2018-2019 in a 100-level engineering design
course. In every term since, and notably throughout the COVID-19 pandemic, new faculty
partners in additional courses have begun to use Tandem. In the current academic year
(2021-2022), Tandem has been used in 11 unique courses across engineering, business, history,
information, kinesiology, public health and other disciplines largely at the undergraduate level,
covering approximately 3,500 student enrollments. Tandem is also used to support students in a
few small-scale co-curricular learning experiences, such as an interdisciplinary master’s level
fellowship program for students interested in sustainability.

Methods
Course groups

In the current study, which is considered exempt from review by our Institutional Review Board,
we considered all the courses (and none of the co-curricular learning experiences) in which
Tandem was used during the six terms between Winter 2019 and Fall 2021 (excluding summer
terms). Each course/term combination was considered separately and we formed three groups for
the sake of comparison.

The first group (engineering) denotes all instances of the cornerstone first-year engineering
design course at our university. This group was of primary interest for this study because
gendered differences in confidence are particularly stark in STEM courses and because the first
two years of STEM courses have been found to be the most impactful on student retention [15],
[47].

The second group (business) denotes all instances of a lower-division business course on
leadership and society targeted toward second-year students. This course is designed to expose
tensions and opportunities between business and broader societal issues; the use of Tandem in
this course is described in greater depth elsewhere [48]. We selected this course as the key
comparator because, after engineering, it is the largest-enrollment lower-division course that
makes use of Tandem. In contrast with the smaller, upper-division courses making use of
Tandem, students in these engineering and business courses are most likely to be using Tandem
for the first time.

The third group (other) denotes all instances of all other courses that used Tandem between
Winter 2019 and Fall 2021. We note that Tandem is used in a few courses that run over two



semesters, such as a senior-level capstone course in information. In these cases, data from both
semesters were included.

Data collection

Demographic data were self-reported by the students on the Tandem beginning-of-term survey.
Students were asked to select the gender with which they identify and had the option to select
female (43.3%), male (55.4%), non-binary (0.7%), prefer not to disclose (0.4%), or prefer to
self-describe with a write-in field (0.1%); only the female and male categories had sufficient
numbers of student to be retained in the statistical analyses. Importantly, while we recognize that
the ability for students to self-report these data is valuable, as most data recorded at the
institutional level is limited in this regard, unfortunately the stem and response options here
errantly conflate gender and sex [49]. This issue represents an important methodological
limitation that is now being addressed for future Tandem implementations. With full recognition
of this limitation, for the sake of consistency, herein we use language based on the construct of
gender rather than assigned sex.

For each course, three sets of data were collected from the Tandem database:

Team confidence data. First, team checks are short, frequent surveys that students respond to in
Tandem as a reflection about how their team is functioning; rating the team as a whole, rather
than rating each individual separately, is a key emphasis of the survey. The team check has five
closed-ended questions, each recorded on a Likert scale. We collected the data for the particular
team check question about team confidence, for which the end anchors are “I worry we won’t do
well on this project” and “We’re definitely going to do well on this project”.

Importantly, the number of points on the Likert scale used for team checks has varied. In the vast
majority of Tandem courses, a 9-point scale has been used. In Fall 2021, however, about half of
Tandem courses used a 5-point scale. Historically, students have been reluctant to use the lower
end of the team check scale, thus this change was temporarily implemented to test if it would
encourage students to use responses at and below the neutral value. This variation between the
5-point and 9-point scales is accounted for in the analyses.

Further, team checks are usually administered on a biweekly basis throughout the term after
project teams have been established, typically yielding around five time points of data in each
semester. Because the exact team check schedule varies for each course (and the exact date on
which the student completes the team check is uncontrolled), the timing of the team checks was
unbalanced. This imbalance in measurement schedule is also controlled via random effects of
time for students and courses.

Collective efficacy data. Second, we collected student responses to a collective efficacy scale
[50] that students responded to twice during each term (Table 1). This scale was administered as
part of a midterm feedback survey, usually occurring at the middle of the term, and an
end-of-term survey, both of which function as opportunities for peer- and self-evaluation.
Because these items were added to Tandem effective Winter 2021, only two semesters worth of



data, and thus relatively few observations (figures are provided in the Data analysis subsection),
were available for analysis.

Table 1. The collective efficacy (CE) items recorded on a 9-point scale with end anchors “not
at all confident” (1) and “completely confident” (9). The stem on the midterm survey was
“How confident are you that your team could...” and the stem on the end-of-term survey was
“Please rate your agreement with the following statements. Our team was able to...”.

CE1: Reach agreement about what needs to get done at each meeting

CE2: Find ways to bridge individual differences (e.g., in age, major, or personality) between
team members

CE3: Assist members who are having difficulty with certain tasks

CE4: Develop a workable project in a reasonable amount of time

CES: Communicate well with one another despite differences in cultural background

CE6: Adapt to changes in group tasks or goals

CE7: Work well together even in challenging situations

CES: Deal with feedback or criticism from the course instructor

CE9: Find ways to capitalize on the strengths of each member

Imposter syndrome lesson data. Finally, we collected student response data to the particular
Tandem lesson about imposter syndrome [51]. The lesson, akin to a blog post or short news
article, describes imposter syndrome, provides information about how common it is, defines five
different types of imposter syndrome, and offers suggestions for how to deal with and ultimately
overcome it. The lesson concludes with a short activity for students that asks them to identify the
type of imposter syndrome most relevant to them (closed-ended question) as well as to answer a
series of open-ended reflection questions. As with all the Tandem lessons, the timing of when the
imposter syndrome lesson is presented to students varies based on instructor implementation of
the tool, and the specific language in the lesson is tailored based on other data, in particular
students’ responses to the Tandem beginning-of-term survey.

Data analysis

Three separate hierarchical linear models were estimated to predict student and course variation
in two outcomes (team confidence and collective efficacy). Maximum likelihood estimation via
SAS PROC MIXED with Satterthwaite denominator degrees of freedom was used to
accommodate incomplete (e.g., missing) and unbalanced (e.g., individually-varying intervals
between occasions of measurement) data and provide unbiased population estimates under the
assumption that the data are missing at random; model syntax is available from the authors upon
request.

The first analysis examined change in 13,356 team confidence ratings over time from 1,806
students nested within 31 courses (that is, course/term combinations), where time (i.e., the
ordinal sequence of student team checks in a course; M = 4.4, SD = 2.5, Max = 10) was modeled
as a quadratic function. In a quadratic model of change over time, the intercept is the predicted
outcome whenever time = 0, the linear effect of time is the instantaneous linear rate of change in
the outcome per unit time whenever time = 0 (i.e., the slope of the tangent line to the curve at



that point in time), and twice the quadratic effect of time is how the linear effect of time changes
per unit time (i.e., rate of acceleration or deceleration, which is not conditional on time = 0 when
it is the highest-order polynomial term in the model). The second analysis examined change in
1,390 collective efficacy ratings from 711 students nested within 15 courses surveyed at about
the midpoint and endpoint of a course (pretest/posttest design). The third analysis examined the
effect of the imposter syndrome lesson on 3,018 team confidence ratings from the same 1,806
students within 31 courses as in the first analysis by comparing team confidence ratings in the
team checks immediately preceding and following the lesson (pretest/posttest design). In each
analysis, effects of gender (woman or man), course (engineering, business, or other), and their
interaction were examined. The first and third analyses additionally considered the size of the
team confidence Likert scale (5-point or 9-point).

For each analysis, model building began with an empty model and proceeded to add fixed and
random effects starting with lower-level predictors (i.e., time-, student-, and then course-level
predictors). Random effects were tested with chi-square deviance tests which compare the fit of
models before and after adding random effects. Each model contained random intercepts and
time slopes for students and courses (ps < .001) in order to control for variability between
students and between courses in characteristics (intercepts) and change (time slopes). Fixed
effects were tested with F-tests or Wald t tests where appropriate. Effect sizes were computed as
pseudo-R*, which describes the proportion of random effect variance reduced after adding
predictors. Fixed effect patterns are described below.

Results

Analysis 1: Men report more team confidence than women early in the term, and women
eventually catch up

To examine change in team confidence ratings over time (where time equals ordinal team check
within a course; centered at the first team check), we began by inspecting the raw unstructured
time trajectories (i.e., observed data with no random effects). As shown in the left panel of
Figure 1, the overall trajectory appears to show quadratic change, which was supported by a
significant quadratic effect of time (b = -.0034, SE = .0001, p < .001, pseudo-R* = 2.35%).
Accounting for 5-point and 9-point Likert items indicated a significant linear time x Likert item
interaction, F(1, 10960) = 7.14, p = .008, pseudo-R* = 4.39%, as well as a trending quadratic
time x Likert item interaction, F(1, 9923) = 2.56, p = .109, pseudo-R’ = 0.64%. Therefore, to
align the scales of the items, we normalized both by dividing every response by the maximum
response of 9.

Importantly, there were significant linear (time = 0) and quadratic time interactions with gender
(linear: F(1, 9835) = 4.08, p = .044, pseudo-R* = 1.05%; quadratic: F(1, 10820) = 5.02, p = .025,
pseudo-R* = 4.95%). As shown in the right panel of Figure 1, the linear effect of time was
significantly more positive for men (b =.0128, SE =.0019, p <.001) than women (b = .0067, SE
=.0023). In other words, at the first team check, men’s team confidence is predicted to increase
more than women’s. The quadratic effect of time, however, was significantly more negative for
men (b =-.0012, SE =.00029, p <.001) than women (b =-.0002, SE =.00032, p =.517), such
that the increase in confidence for men lessened over time more so than for women (in fact, the



lessening of increase in confidence for women was not significant). The net result of these
effects can be summarized as men reporting more team confidence than women early in the term,
but this gradually changes to the point that women are predicted to eventually report more
confidence than men.

The pattern of change over time for men and women did not vary significantly across the
engineering, business, or other courses (linear time x gender x course: F(2, 9945) <1, p =.39,
pseudo-R* = 0.97%; quadratic time x gender x course: F(2, 10894) = 1.34, p = .26, pseudo-R* =
0.52%), or across the 5-point and 9-point Likert items (linear time x gender x Likert item: F(1,
11001) < 1, p = .41, pseudo-R* = 0.51%; quadratic time x gender x Likert item: F(1, 10098) < 1,
p = .556, pseudo-R’> = 0.01%). No other effects were significant either (ps > .33).
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Figure 1. Normalized mean team confidence as a function of time (i.e., ordinal team check).
The left panel shows the overall raw growth trajectory aggregating over gender, course, and
Likert scale from an unstructured model (i.e., not accounting for clustering of responses in
students within courses). The right panel shows the quadratic growth trajectories for women
and men from a random effects model, with random intercepts and time slopes for both
students and courses.

Analysis 2: The collective efficacy ratings are no different comparing midterm to
end-of-term

Overall, collective efficacy ratings at mid-term (M = 69.55, SE = .51) were not significantly
different from those at the end of the term (M = 70.10, SE = .55), F(1, 613) = 1.35, p = .246,
pseudo-R* = 1.71%, nor was there an interaction with gender, F(1, 615) =2.12, p = .146,
pseudo-R*> = 0.56%, or course, F(2, 659) < 1, p =502, pseudo-R* = 1.41%. The three-way
interaction also was not significant, F(2, 687) < 1, p = .839, pseudo-R’ = 0.09%. No other effects
were significant (ps > .15).

Analysis 3: Following the imposter syndrome lesson, team confidence ratings increased for
men but not women

Overall, the team confidence ratings preceding the imposter syndrome lesson (M = 7.41, SE =
.127) were not significantly different from the post-lesson (M = 7.42, SE = .056), F(1,904) <1, p
=.994, pseudo-R’> = 0.08%. However, as shown in Figure 2, there was a significant interaction of



pre-/post-lesson ratings and gender, F(1, 950) = 5.45, p = .019, pseudo-R? = 4.95%, such that
team confidence increased following the lesson for men (b = .299, SE = .079, p <.001) whereas
team confidence was unaffected for women (b =.001, SE = .100, p = .994). This pattern was
consistent across courses (engineering, business, and others), F(2, 749) = 1.18, p = .307,
pseudo-R* =3.70%, and did not depend on the team confidence Likert scale having five versus
nine points, F(1, 980) = 1.16, p = .281, pseudo-R* = 0.13%. No other effects were significant (ps
> 11).

mPretest @Posttest

Mean Team Confidence

—_ L] ] - wn (=2} ~1 oo o
1 1 L 1 1 L 1 L J

‘Women Men

Figure 2. Mean team confidence ratings before
(pretest) and after (posttest) the imposter
syndrome lesson for women and men. Error
bars represent +/- 1 standard error.

Discussion and implications

In these analyses, we find students reporting fairly stable team confidence and collective efficacy
over the course of their semester projects, results that seem to hold both in first-year engineering
design courses and other courses at our institution. While both men and women showed this
general pattern, we find that women’s ratings increase over the course whereas men’s increase
more quickly, then peak and fall back off. We also find that a tailored lesson on imposter
syndrome is related to an increase in men’s ratings of team confidence, but not women’s. Though
differences in the team confidence trajectory (analysis 1) and an interaction with our lesson
intervention (analysis 3) are statistically significant, the effect sizes on these results are small;
overall, both men and women generally report feeling fairly high team-referenced efficacy. As
compared with prior work in STEM showing more stark self-efficacy differences between men
and women, the team-based pedagogies in use across these Tandem courses may be an
attenuating factor. Indeed, courses that typically employ high-stakes exams show disparate
outcomes for female students in terms of both self-efficacy and grades [52], [53].

Especially with respect to the observed differences in trajectory of team confidence, these
findings are not particularly surprising in the context of related work on gender and self-efficacy.
Hirschfield and Chachra [54], for example, recently reported a study of first-year engineering
design students very similar to the engineering population of interest here showing that men had
higher confidence and self-efficacy scores in the beginning of the term but that women closed
this gap by the end of the course. Marra and colleagues [55] reported a similar result for women



in engineering programs. Although this study was conducted over the broader timescale of a full
academic year, these researchers still found women increasing in terms of self-efficacy despite a
significant decrease in feelings of inclusion. Overall, we have identified men and women
patterning in fairly similar ways regarding confidence in team success.

As stated, the effect sizes for the gendered patterns we have identified are relatively small,
nonetheless we highlight some potential pedagogical implications. Just as self-efficacy is
malleable and subject to the effects of targeted interventions, researchers have shown that
collective efficacy can be positively affected by short educational sessions on group work and
cooperative learning [56], [57]. Importantly, these interventions were directed both at students
and instructors. Our team has a similar goal to develop more and especially tailored Tandem
content for instructors, partly in recognition that we must keep a critical eye on the extent to
which we seek to support (change) students versus changing the learning environments to which
they are exposed.

Developing Tandem content (such as a lesson) on the relationship between confidence and
ability may be a useful pathway for mitigating the small gendered patterns we identified here.
The Dunning-Kruger effect [58], for example, describes the phenomenon of being ignorant of
one’s own ignorance. With the goal of mitigating overconfidence (particularly for men and
perhaps especially following the imposter syndrome lesson), a lesson on the Dunning-Kruger
effect might help address gendered differences in team confidence and collective efficacy.
Increasing students’ awareness of these concepts may act as an important mediator of team
success [59]. In future work we will also relate student ratings of team confidence and collective
efficacy with external metrics of teamwork success.
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